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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a wave-front 
converting element and a laser scanner using it, which can scan 
focal positions of a luminous flux in the direction of the optical 
axis without using mechanical mechanism, and offsetting the 
aberration caused in such a case. 

SOLUTION: This laser scanner has a luminous flux branching 
element 2 arranged in an optical path of a laser beam flux 1, a 
beam expander 3, a wave- front converting element 4 capable 
of changing a wave-front form of the light as necessary, an 
object lens 5 for converging the light on a specimen side 6, a 
detector 8, and a control device 9. The wave-front converting 
element 4 consists of liquid crystal elements constituted so 
that each micro-divided region can be controlled independently 
by a control device 9. 
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* NOTICES * 

«JFO and NCI FX are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 

CLAIMS 
[Claim(s)] 

[Claim 1] The wave-front sensing element to which it might be made to have made it the wave- front 
configuration of light which penetrates that or is reflected from there by consisting of the liquid crystal 
device constituted so that each field divided minutely might be controlled independently, and changing the 
phase of each of said field change suitably. 

[Claim 2] Said each field is a wave-front sensing element according to claim 1 which is making the shape of 
the shape of a matrix, and a sector. 

[Claim 3] The laser scanner characterized by providing the optical element which may offset the aberration 
generated with said scan in the laser scanner makes a sample location condense the outgoing radiation light 
from laser using optical system, and it was made to make the condensing location scan in the direction of an 
optical axis. 

[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the laser scanner using the wave-front sensing element 

which can change the wave-front configuration of light into arbitration, and this component. 

[0002] 

[Description of the Prior Art] In order to obtain the three-dimension image of a sample in the former, for 
example, a scanning laser microscope, the sample or the objective lens needed to be mechanically moved in 
the direction of an optical axis, and the optical image in each field inside a sample needed to be incorporated 
one by one. However, for mechanical displacement, this approach was difficult for implementation of a scan 
of the direction of an optical axis exact in respect of a position control error, repeatability, etc., and in a 
sample scan, when the sample became large, there was a problem of rapid scanning not being made. 
Furthermore, if an objective lens is scanned when a sample soaks an objective lens in a direct living body or 
culture medium by a living body sample etc. and observes a motion of a high-speed living body, it will have 
bad influences, such as vibration, on the sample to observe, and is not desirable. Moreover, when the 
refractive index of the immersion medium of an objective lens differed from the refractive index of a 
sample, there was a trouble which says that resolution will fall according to the aberration (spherical 
aberration) generated with migration of a condensing location. 

[0003] On the other hand, as an optical element to which power (wave-front configuration) can be changed, 
what combined a liquid crystal lens, a liquid lens, or them is known, and there are some which are indicated 
by JP,5-93895,A, 5-100201, the 5-53089 official report, etc. as an approach of changing a focal distance and 
a focal location especially using liquid crystal. Moreover, although there are some which were indicated by 
JP,9-318909,A etc. as an approach of changing a scale factor using liquid crystal, each of these examples of 
precedence arranges an electrode in the shape of zona orbicularis as a means to change the optical property 
of a liquid crystal lens, and the approach of controlling the electrical potential difference impressed to this is 
used. In addition, when a liquid crystal lens is used combining two or more of other optical system, about 
whether what we do with the aberration generated as a whole, reference is not made at all by these examples 
of precedence by having changed power. 

[0004] Moreover, although indicated by JP,8-1 14703,A etc. about the liquid lens, when this is also used 
combining two or more optical system, about whether what we do with the aberration generated as a whole, 
reference is not made at all by having changed power. 

[0005] Moreover, when using for a telescope about adaptive OPUTISUKU, for example, It is used in order 
to offset turbulence of the wave front of the light by fluctuation of atmospheric air. Moreover, only by being 
used in order to offset turbulence of the wave front of the light at the time of light passing a sample etc. also 
when using for a microscope, and being used in the viewpoint called offset of the wave front (aberration) 
confused to the last It is not used in the viewpoint referred to as changing the focal location of optical 
system by giving it power. Furthermore, it is not shown in the viewpoint of aberration amendment how 
aberration amendment is performed concretely. 

[0006] r ^ 

[Problem(s) to be Solved by the Invention] The place which this invention is made in view of such a trouble 
and the actual condition that a Prior art has, and is made into the purpose is to offer the laser scanner using 
the wave-front sensing element and it which offset the aberration which the condensing location of the flux 
of light can be made to scan in the direction of an optical axis, without using a mechanical device, and is 
generated in that case, and can reduce the condensing engine performance and the image- formation 
performance degradation accompanying a scan. 
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[0007] 

[Means for Solving the Problem] Since the above-mentioned purpose is attained, the wave- front sensing 
element by this invention may have comes to change suitably the wave-front configuration of light which 
penetrates that or is reflected from there by consisting of the liquid crystal device constituted so that each 
field divided minutely might be controlled independently, and changing the phase of each of said field. 
[0008] According to this invention, each above-mentioned field is making the shape of the shape of a 
matrix, and a sector. 

[0009] Moreover, in order to attain the above-mentioned purpose, the laser scanner by this invention makes 
a sample location condense the outgoing radiation light from laser using optical system, and is characterized 
by equipping the optical element which may offset the aberration generated with said scan in the laser 
scanner it was made to make the condensing location scan in the direction of an optical axis. 
[0010] 

[Embodiment of the Invention] It precedes explaining the operation gestalt of this invention hereafter, and 
the aberration (spherical aberration) generated with said scan of the direction of an optical axis and the 
aspheric surface property for offsetting it will be explained using drawing 1 . 

[001 1] Since collapse of the light wave side at the time of making it defocus by the aplanatic lens generally 
becomes so large that it goes to the place (it will be a periphery if it thinks with a pupil) of NA (numerical 
aperture) where the degree of the collapse is big symmetrically with the upper and lower sides (before or 
after) across a focal location, it is necessary to strengthen aspheric surface power for offsetting it as it 
separates from an optical axis so that it goes on the outskirts namely. In drawing 1 , in order to make it 
intelligible, the travelling direction of light is drawn contrary to the actual condition. That is, it is drawn as 
that in which light appears from the location defocused the focal location of an objective lens, and before 
and after that. More here than an objective lens, the flux of light which came out from the focal location F of 
an objective lens becomes the collimation light of non-aberration, i.e., a plane wave, and carries out 
outgoing radiation. On the other hand, since the deflection in the large part (periphery of the flux of light) of 
NA become large under the effect of aberration, in order for the wave front to return this, the collimation 
light, i.e., the plane wave, of non-aberration, the optical element which have a property equivalent to an 
aspheric lens with which the concave power become strong be needed, although the flux of light which 
came out of the point A defocused to the before side turn into the convergence flux of light and outgoing 
radiation be carry out from an objective lens, so that it go on the outskirts with concave power. 
[0012] On the contrary, since the deflection in the large part of NA becomes large under the effect of 
aberration, in order for the wave front to return this to the collimation light of non-aberration, the optical 
element which has a property equivalent to an aspheric lens with which the convex power becomes strong is 
needed, although the flux of light which came out of the point B defocused to the backside serves as 
emission light, so that it goes on the outskirts with convex power. If you are going to make it condense 
collimation light with a single lens generally, since power becomes strong as it goes on the outskirts, in a 
heavy-gage common spherical lens, spherical aberration will occur in the focal location. In order to amend 
this, it is common knowledge that it may be made to condense by non-aberration when making it the power 
become weak so that it is made the aspheric surface and goes on the outskirts, but when offsetting the 
aberration generated by defocusing, it becomes contrary to this. 

[0013] Although an actual objective lens etc. is not necessarily non-aberration, when using a highly precise 
objective lens which is used for a laser beam microscope by quasi-monochromatic light like a laser beam, it 
may become **** aberration, and you may think that the above-mentioned theory is applicable. Moreover, 
since spherical aberration occurs towards a beam-of-light angle becoming loose by the interface when the 
refractive index of the immersion medium of an objective lens is smaller than the refractive index of a 
sample (a sample underwater with a dry objective lens is observed), it is necessary to make aspheric surface 
power for offsetting it so strong that it go on the outskirts, and it needs the too above aspheric surface 
properties. Furthermore, since the yield of aberration becomes large with NA of an objective lens, and the 
increment in the amount of optical-axis directional movements of a condensing location, the amount of 
aspheric surfaces for offsetting the aberration will also increase according to it. 

[0014] Moreover, since spherical aberration occurs towards a beam-of-light angle becoming tight by the 
interface when the refractive index of the immersion medium of an objective lens is larger than the 
refractive index of a sample (a sample underwater by the oil immersion objective lens is observed), the 
aspheric surface property for offsetting it is made so weak that it goes on the outskirts, namely, it is 
necessary to make it smaller than the power of the spherical surface with the same paraxial curvature. This 
is contrary to the direction which offsets collapse of the wave front at the time of making it defocus. 
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Although the aberration by the refractive-index inequality is smaller than the aberration by defocusing, and 
the aspheric surface property which offsets synthetic aberration may become large in the small thing of NA 
as the power separates from an optical axis Generally, it is used in order that an oil immersion objective lens 
may enlarge NA, since the yield of the aberration by the refractive-index inequality is very large, synthetic 
aberration has the inclination of aberration generating by the refractive-index inequality, and the aspheric 
surface property which offsets it becomes small as the power separates from an optical axis. Furthermore, 
since the yield of aberration becomes large with NA of an objective lens, and the increment in the amount of 
optical-axis directional movements of a condensing location, the amount of aspheric surfaces for offsetting 
the aberration also increases in connection with it, and the difference (the amount of deviations) with the 
spherical surface with the same paraxial curvature becomes large. 

[0015] Next, a basic configuration and an operation of this invention are explained using drawing ^ . It is the 
control unit with which the flux of light by which outgoing radiation was carried out from the laser which 
one does not illustrate, the wave-front sensing element to which a flux of light branching component and 3 
can change a flux of light wave front into a beam expander, and 2 can change 4 into the configuration of 
arbitration, the defocusing location which separated from 5 in the direction in which an objective lens and 6 
were separated from the focal location (sample side in usual) of an objective lens 5, and 7 separated from the 
objective lens 5 rather than the focal location 6, and 8 drive a photodetector among drawing, and 9 drives a 
wave-front sensing element. 

[0016] In drawing 2 , the flux of light 1 is condensed with an objective lens 5, after being collimated by 
desired magnitude with a beam expander 3 after passing the flux of light branching component 2, carrying 
out incidence to the wave-front sensing element 4 and making a control unit 9 transform a wave front 
suitably here. In this case, the wave- front sensing element 4 is controlled by the control unit 9, and when 
wave-front deformation which serves as a diffusion beam at the flux of light 1 is given, the flux of light 1 is 
made to condense, although the flux of light 1 is made to condense by the focal location 6 when controlled 
not to make the wave-front sensing element 4 completely transform a wave front with a control unit 9 by the 
defocusing location 7. 

[0017] Usually, since it is designed so that it may condense by **** aberration in the focal location 6 when 
a collimation beam carries out incidence of the objective lens 5, when a diffusion beam and a convergence 
beam carry out incidence, the condensing location not only shifts, but it will generate aberration. Then, the 
wave-front sensing element 4 may have comes to transform the wave front of a beam so that it may have an 
aspheric surface property and the generated aberration may be offset. In this case, the wave-front sensing 
element 4 continues throughout an emission beam to a convergence beam, a wave front is made to transform 
continuously, and if the aberration generated in coincidence in that case is offset, the scan of the direction of 
an optical axis of the condensing location of an incident beam will become always possible in the state of 
non-aberration. An optical path is reversed, it is reflected with the flux of light branching component 2, and 
the light (reflected light, fluorescence, etc.) which emits from a condensing location in the case of a laser 
scanning microscope is detected by the detector 8. 

[0018] Hereafter, based on the example illustrating the operation gestalt of this invention, it explains more 
concretely. 

Example 1 drawing 3 is the outline block diagram of the 1st example of the laser scanner concerning this 
invention. The same sign is given to the same member on having used by drawing 2 , and parenchyma 
among drawing. Although a fundamental configuration is the same as what showed this example to drawing 
2 and illustration is omitted, a scan within the same specimen plane is performed by moving a stage. 
Moreover, the detection system is the confocal lens 1 0 and the so-called confocal system which used the 
confocal pinhole 1 1 . Furthermore, the wave-front sensing element 4 which can change a wave front into the 
configuration of arbitration consists of diffraction lenses which consist of the liquid crystal device by which 
the homogeneous type was subdivided, and is controlled by this example with the liquid crystal control unit 
9. 

[0019] A homogeneous type liquid crystal device can be used as a phase modulation component, when the 
phase can be controlled between 2pi from zero according to the magnitude of the electrical potential 
difference impressed and this is used as an optical element. Moreover, since a phase is controllable between 
2pi from zero, when a phase is reversed and it thinks as a lens element by reversing the property, it means 
that it is possible to reverse a concave lens from a convex lens. In addition, this liquid crystal device of each 
component being independently controllable is the same as that of the usual liquid crystal, even when 
arranged the shape of a matrix, and in the shape of a sector. 

[0020] Drawing 4 is a conceptual diagram at the time of the liquid crystal with which the homogeneous type 
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was subdivided realizing a diffraction lens. Generally, although a diffraction lens controls a radial 
configuration (pitch) and a radial phase and is manufactured, the information (the configuration and phase 
data in a spherical coordinate system) is convertible for matrix information (the configuration and gradation 
in a Cartesian coordinate system), or polar-coordinate information (the configuration and gradation in a 
spherical coordinate system). The gradation in this case is not the gradation of the usual light and darkness 
but the phase gradation between 2from zero pi. Conversely, if it thinks, by controlling the phase gradation of 
each component of the subdivided liquid crystal, the diffraction lens of arbitration can consist of subdivided 
liquid crystal. 

[002 1 ] As a diffraction lens is shown in drawing 5 , when it is the configuration (the so-called kino form) 
from which even the location where a phase becomes 2pi from the location of zero serves as a straight line, 
diffraction efficiency becomes 100% theoretically. However, when it constituted a diffraction lens from 
subdivided liquid crystal, it is impossible to make it kino form and it was made to approximate in stairway. 
If there are a number with a pitch sufficient in the pitch in a large part of liquid crystal devices, a 
configuration equivalent to abbreviation kino form is realizable, but since the number of the liquid crystal 
devices which enter into it decreases, it becomes coarse stairway approximation in the small place of 
pitches, such as a periphery. In this example, the configuration of a diffraction lens is limited so that at least 
four liquid crystal devices may enter even into a minimum pitch. Therefore, even when it is the worst, it 
becomes four-step approximation of kino form, and about 81% of diffraction efficiency can be realized. 
Although this value hardly becomes a problem practically also by general optical system, since the 
unnecessary degree light which was increased by decline in diffraction efficiency in the case of this example 
is cut at the confocal pinhole 1 1 in the case of detection, it does not become a problem at all. 
[0022] Example 2 drawing 6 is the outline block diagram of the 2nd example of the laser scanner concerning 
this invention. The same sign is given to the same member among drawing on what was used by drawing 2 , 
and parenchyma. This example applies this invention to the confocal laser scanning microscope for 
fluorescence observation of a beam scanning method. Although the wave-front sensing element (diffraction 
lens by the subdivided liquid crystal) is prepared into the incidence laser beam bundle and the detection 
optical path, respectively and it has the description at linkage and the point controlled independently with 
two liquid crystal control units 9 The liquid crystal diffraction lens for excitation light in 1 2 (wave-front 
sensing element), the dichroic mirror with which 1 3 penetrates a laser beam and fluorescence is reflected, 
As for the signal-processing system which the scanning optical system which scans 14 in the direction of X- 
Y, and 15 equipped with the pupil projection lens and the liquid crystal diffraction lens for [ 16 ] 
fluorescence in an image formation lens and 1 7 (wave-front sensing element), and 1 8 equipped with the 
scale-factor fluctuation amendment device, and 19, a display and 20 are image preservation equipment. 
[0023] The flux of light 1 which carried out outgoing radiation from laser is collimated by desired 
magnitude with a beam expander 3, and carries out incidence to the liquid crystal diffraction lens 12. The 
beam which was able to change the wave- front configuration here penetrates a dichroic mirror 13, and is 
scanned by X-Y both directions by the scanning optical system 14. It is condensed by the focal location of 
the image formation lens 16 with the pupil projection lens 15, and the scanned beam is scanned in the 
direction of X-Y on the sample side 6 with the image formation lens 16 and an objective lens 5. An optical 
path is reversed, it is reflected with a dichroic mirror 13, and the fluorescence from the sample side 6 excited 
by the condensed excitation beam is detected by the detector 8 through the liquid crystal diffraction lens 17, 
the confocal lens 10, and the confocal pinhole 1 1 for fluorescence. The detected signal is displayed on a 
display 19 through a signal-processing system 18, and is saved to image preservation equipment 20 at 
coincidence. 

[0024] By control of the liquid crystal diffraction lens 12 for excitation light, it is the same as that of the 1st 
example that the scan of the direction of an optical axis is performed by **** aberration, and the diffraction 
lens respectively optimized about the excitation light and the fluorescence from which wavelength differs by 
interlocking the liquid crystal diffraction lens 17 for fluorescence prepared in detection optical system, and 
controlling it can be constituted. However, in this example, since the liquid crystal diffraction lens 12 is not 
necessarily arranged in the pupil of an objective lens 5, and a location [ **** / completely ], the focal 
distance (scale factor) of the whole system changes a little by giving power to a liquid crystal diffraction 
lens here. When an optical slice image is taken, the magnitude of an image changes and a three-dimension 
image is built with a slice location, it stops therefore, reproducing the configuration of a sample faithfully 
the way things stand. However, since the scale-factor fluctuation accompanying the scan of the direction of 
an optical axis is calculable if optical system is known, amendment is applied to the detected signal in the 
electrical and electric equipment and software, and it becomes possible about scale-factor fluctuation to 
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build phase murder and a three-dimension image faithful to the configuration of a sample. 
[0025] Example 3 drawing 7 is the outline block diagram of the 3rd example of the laser scanner concerning 
this invention. The same sign is given to the same member among drawing on what was used in the example 
as stated above, and parenchyma. In order that this example may apply this invention to the multiphoton 
excitation fluorescence microscope of a beam scanning method and may lose the scale-factor fluctuation 
accompanying the scan of the direction of an optical axis, it prepares the diffraction lens by the liquid crystal 
subdivided by the location which projected the pupil location of an objective lens 5 by relay optical system, 
and has the description at the point that it was controlled by the liquid crystal control unit 9. As for a liquid 
crystal diffraction lens (wave-front sensing element) and 22, 21 are [ pupil relay optical system and 23 ] 
detection optical system among drawing. 

[0026] The flux of light 1 which carried out outgoing radiation from laser is collimated by desired 
magnitude with a beam expander 3, and this collimated flux of light is scanned in the direction of X-Y by 
the scanning optical system 14. It is condensed by the focal location of the image formation lens 16 with the 
pupil projection lens 15, and incidence of the scanned beam is carried out to the liquid crystal diffraction 
lens 21 through the image formation lens 16. The flux of light which was able to change the wave-front 
configuration here is projected by the pupil relay optical system 22, penetrates a dichroic mirror 13, and is 
scanned in the direction of X-Y on the sample side 6 with an objective lens 5. An optical path is reversed, it 
is reflected with a dichroic mirror 13, and the fluorescence from the sample side 6 excited by the excitation 
beam which condensed is detected by the detector 8 through the detection optical system 23 . 
[0027] It is the same as that of the 1st example that the scan of the direction of an optical axis is performed 
by non-aberration by operation of the liquid crystal diffraction lens 21 through a control unit 9. Although the 
confocal system has not become in this example, since the process itself is a nonlinear phenomenon and it is 
the phenomenon of occurring only near the condensing location of an excitation beam, with the unnecessary 
degree light which increased by decline in diffraction efficiency, multiphoton excitation does not break out 
and the fluorescence by multiphoton excitation does not become a problem at all. However, it is better to 
have made it prepare only all over an excitation laser beam way like this example, although the diffraction 
efficiency of the light of another side will fall and an image formation property will not be influenced in the 
fluorescence observation by multiphoton excitation, if a liquid crystal diffraction lens is in those coaxial 
optical paths, and a configuration is optimized according to the light of one wavelength since it is separated 
from the wavelength region of excitation light, and the wavelength region of fluorescence, since the 
detection quantity of light may be lost. In addition, in this example, if the observation system by lighting etc. 
is usually added instead of removing the detection optical system 23 and a detector 8, it will become the 
laser scanner which enables cell actuation by laser trap equipment, laser manipulation, etc. 
[0028] Example 4 this example adds a dioptric lens 24 or a refracting interface 25 to the liquid crystal 
diffraction lens 21 in the 3rd example, it is a wave- front sensing element and the made thing, and those 
examples are shown in drawing 8 (a) and (b), respectively. Generally, the diffraction lens has an anomalous 
dispersion property and turns at it so well that wavelength is long contrary to a shorter light of wavelength 
bending well in the usual dioptric lens, therefore, the liquid crystal diffraction lens 21 which consists of 
diffraction side 21a and substrate 21b - a dioptric lens 24 - adding (referring to drawing 8 (a)) - or it can 
consider as the wave- front sensing element which can amend chromatic aberration effectively by what the 
outside surface of the substrate 21b itself is made into a dioptric lens side for (refer to drawing 8 (b)). That 
is, if the wave-front sensing element of such a configuration is used, when carrying out incidence of the 
laser beam from which wavelength differs to coincidence, or even when incidence of the laser beam with 
wavelength width of face is carried out, there will be no chromatic aberration and it will become possible to 
make the condensing location of a laser beam bundle scan in the direction of an optical axis. In this case, it 
is as the 3rd example having explained that the unnecessary degree light which increased in connection with 
it does not have a bad influence on an image formation property although diffraction efficiency will fall if 
wavelength differs. 

[0029] This invention is not limited to the example explained above, and it cannot be overemphasized that 
various combination is possible. Moreover, although only the diffraction lens by the liquid crystal 
subdivided as a wave-front sensing element was mentioned as the example and explained, this can also 
consist of components (the so-called liquid crystal lens, the so-called liquid lens, etc.) which can 
demonstrate the Fresnel lens by the subdivided liquid crystal, and a property equivalent to them. 
[0030] As explained above, although the laser scanner using the wave-front sensing element and it by this 
invention has the **** description indicated to the claim, it also has the description which was indicated 
below. 
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[0031] (1) The wave-front sensing element according to claim 1 or 2 characterized by controlling the phase 
of said minute field and forming a diffraction lens. Thereby, the diffraction lens of a phase mold with the 
property of arbitration can be constituted. 

[0032] (2) Claim 1 characterized by controlling the phase of said minute field, making a kino form 
configuration approximate gradually, and making it have a lens operation, 2, or a wave-front sensing 
element given in the above (1). It enables this to realize high diffraction efficiency on specific wavelength. 
[0033] (3) Claim 1 characterized by controlling the phase of said minute field and making it make an 
aspheric surface wave front form, 2, or a wave-front sensing element given in the above (1). Thereby, the 
aspheric surface property of arbitration can be given. 

[0034] (4) Claim 1 characterized by controlling the phase of said minute field, making a kino form 
configuration approximate gradually, and making it make an aspheric surface wave front form, 2, or a wave- 
front sensing element given in the above (1). Thereby, the diffraction lens of a phase mold with the aspheric 
surface property of arbitration can be constituted. 

[0035] (5) The above (2) whose minute field included in approximation of said kino form configuration is 
characterized by being at least 4 fields at one pitch, or a wave- front sensing element given in (4). Four steps 
of kino forms which are the ideal configuration of a diffraction lens can be made to approximate also at the 
lowest by this, and even if the worst, the efficient diffraction lens of 81% or more of diffraction efficiency 
can be formed. 

[0036] (6) A wave- front sensing element given in claim 1, 2 or the above (1) thru/or any of (5) they are. 
[ which is characterized by liquid crystal being a homogeneous type ] Thereby, the efficient wave-front 
sensing element by not amplitude control but phase control is realizable. 

[0037] (7) The laser scanner according to claim 3 characterized by for said optical element having had a 
property equivalent to a coaxial symmetrical lens operation, and being closed by the power change if the 
scan of the direction of an optical axis was possible. The scan of the direction of an optical axis of the 
condensing location of a laser beam is attained without this using a mechanical device. 
[0038] (8) A laser scanner given in claim 3 or the above (7) characterized by basing a means to offset the 
aberration generated with the scan of said direction of an optical axis on the aspheric surface property which 
said optical element has. Thereby, when the direction of an optical axis is scanned, the aberration to generate 
can fully be offset. 

[0039] (9) the refractive index of the immersion medium of said objective lens, and the refractive index of a 
sample — abbreviation — whether it is the same When the refractive index of the immersion medium of said 
objective lens is smaller than the refractive index of a sample, the aspheric surface property of said optical 
element becomes large as the power separates from an optical axis. The amount Or the numerical aperture of 
said objective lens, Claim 3 characterized by increasing with the increment in the amount of optical-axis 
directional movements of the condensing location on the basis of the focal location of said objective lens, 
and making it go, the above (7), or a laser scanner given in (8). Even if it scans the direction of an optical 
axis for this to acquire the three-dimension image which is the greatest description of a laser beam 
microscope, the fall of the resolution by generating of the aberration accompanying it can be reduced, and a 
good optical slice image is obtained. 

[0040] (10) Although the aspheric surface property of said optical element becomes small as the power 
separates from an optical axis when the refractive index of the immersion medium of said objective lens is 
larger than the refractive index of a sample The difference (the amount of deviations) with the spherical 
surface with the same paraxial curvature is a laser scanner claim 3 characterized by increasing with the 
numerical aperture of said objective lens, and the increment in the amount of optical-axis directional 
movements of the condensing location on the basis of the focal location of said objective lens, the above (7), 
or given in (8). Even if it scans the direction of an optical axis for this to acquire the three-dimension image 
which is the greatest description of a laser beam microscope, the fall of the resolution by generating of the 
aberration accompanying it can be reduced, and a good optical slice image is obtained. Moreover, it 
becomes possible to prevent that the trap force declines according to aberration also about sample actuation 
of a laser trap etc. 

[0041] (11) the light (the reflected light — ) which said laser equipment makes a sample side condense the 
light from laser, and emits from there It is the laser beam microscope which detects fluorescence etc. said 
optical element A laser scanner given in claim 3 or the above (7) thru/or any of (10) they are. [ which is 
characterized by being arranged in the abbreviation parallel flux of light in the so-called common optical 
path between the optical members (the polarization beam splitter and dichroic mirror) and samples which 
branch an incidence laser beam bundle and the detection flux of light ] Thereby, reflective observation or 
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fluorescence observation can also share said optical member by the illumination system and the detection 
system, when the wavelength of excitation light and the wavelength of fluorescence are approaching. 
[0042] (12) Said laser scanner makes a sample side condense the light from laser. Between the optical 
members (the polarization beam splitter and dichroic mirror) and the light sources to which it is the laser 
beam microscope which detects the light (reflected light, fluorescence, etc.) emitted from there, and said 
optical element branches an incidence laser beam bundle and the detection flux of light, A laser scanner 
given in claim 3 or the above (7) thru/or any of (10) they are. [ which is characterized by being arranged, 
respectively in the abbreviation parallel flux of light in both the optical paths between this optical member 
and a detector, and being able to control now independently ] Thereby, even when it is the fluorescence 
observation from which are separated of the wavelength region of excitation light, and the wavelength 
region of fluorescence, said optical member can be optimized according to each wavelength region. 
[0043] (13) Said laser scanner makes a sample side condense the light from laser, making the laser beam 
microscope which detects the fluorescence emitted by the multiphoton excitation of a there, or a sample side 
condense a laser beam — sample actuation (a trap — ) A laser scanner given in claim 3 or the above (7) 
thru/or any of (10) they are. [ to which it is laser equipment which performs manipulation etc., and said 
optical element is characterized by being arranged only in the abbreviation parallel flux of light in an 
incidence laser beam way ] This omits an unnecessary optical member in the multi-photon laser beam 
microscope which should control only the condensing condition of an incidence laser beam, and only a 
required optical member can be optimized. Or since what is necessary is to control only the condensing 
condition of an incidence laser beam also in laser trap equipment, a laser beam machine, etc., an 
unnecessary optical member can be omitted and only a required optical member can be optimized. 
[0044] (14) A laser scanner given in the above (11) thru/or any of (13) they are. [ which is characterized by 
arranging said optical element which can offset the aberration generated in connection with a scan and it of 
the direction of an optical axis in the pupil location of said objective lens, and the location /****] Even if it 
can perform aberration amendment by the power addition same from the axial Uemitsu bundle to an axial 
outdoor daylight bundle, and the aspheric surface property by this and scans the direction of an optical axis 
by power addition, a laser scanner without scale- factor fluctuation of optical system can be offered. 
[0045] (1 5) Said optical element which can offset the aberration generated in connection with a scan and it 
of the direction of an optical axis It is arranged near the pupil location of said objective lens, or it and a 
location [****]. A laser scanner given in the above (11) thru/or any of (13) they are. [ which is 
characterized by having the device which amends change (scale-factor change) of the focal distance of the 
condensing optical system by power change of said optical element in the electrical and electric equipment 
and software at the time of image display when using a beam scanning mode for a scan ] It becomes 
possible to be able to perform aberration amendment by the power addition same from the axial Uemitsu 
bundle to an axial outdoor daylight bundle as abbreviation, and the aspheric surface property by this, and to 
build a three-dimension image faithful to a sample. That is, if the direction of an optical axis by power 
addition is scanned when the location of said optical element is not correctly in agreement with a pupil 
location, the focal distance (scale factor) of optical system changes, and if it remains as it is, a problem will 
crop up at the time of construction of a three-dimension image. However, if optical system is known, since 
the scale-factor fluctuation accompanying the scan of the direction of an optical axis is calculable, it 
- becomes possible at the time of image display the electrical and electric equipment and to amend in 
software. 

[0046] (16) It is a laser scanner given in the above (11) thru/or any of (13) when said optical element which 
can offset the aberration generated in connection with a scan and it of the direction of an optical axis is not 
arranged in the pupil location of said objective lens, it and a location [****], or its near, they are. [ which is 
characterized by using a stage scanning mode for a scan ] Thereby, a condensing property and an image 
formation property can offer the laser scanner which does not need to care about fluctuation of the focal 
distance accompanying the scan of the direction of an optical axis, either that what is necessary is to take 
only a shaft top into consideration. 

[0047] (17) a laser scanner given in any of a claim (3) or (7) thru/or (16) which be characterize by said 
optical element which can offset the aberration generate in connection with a scan and it of the direction of 
an optical axis scan a condensing location in the direction of an optical axis, and make it go to it by be 
control to carry out sequential implementation of the data (power and aspheric surface property) memorized 
beforehand they be. Thereby, the total-system control of the equipment which needs the scan of the direction 
of an optical axis becomes possible. 

[0048] (18) A laser scanner given in the claim (3) or the above (7) thru/or any of (17) they be. [ which be 
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characterize by said optical element which can offset the aberration generate in connection with a scan and it 
of the direction of an optical axis consist of the liquid crystal lens and liquid lens into which the power and 
configuration be freely changeable, micro mirror devices, or those combination ] The direction of an optical 
axis can be scanned, without this using a mechanical device, and the condensing engine performance and 
image formation performance degradation accompanying it can be lost. 

[0049] (19) The laser scanner characterized by making it make said condensing location scan in the 
direction of an optical axis by having a laser light source, the objective lens which makes a sample etc. 
condense the flux of light from this laser light source, a wave-front sensing element given in any [ claim 1 , 2 
or the above (1) thru/or ] of (6) they are, and the control unit which controls this wave-front sensing 
element, and controlling phase distribution of said wave-front sensing element. It becomes possible to make 
the condensing location of a laser beam scan in the direction of an optical axis, without this using a 
mechanical device. 

[0050] (20) A laser light source and the objective lens which makes a sample etc. condense the flux of light 
from this laser light source, While making said condensing location scan in the direction of an optical axis 
by having the control unit which controls a wave-front sensing element and this wave- front sensing element 
given in any [ claim 1, 2 or the above (1) thru/or ] of (6) they are, and controlling phase distribution of said 
wave-front sensing element The laser scanner characterized by making it offset the aberration generated by 
this scan. When the scan of the direction of an optical axis of the condensing location of laser is attained, 
without this using a mechanical device and the direction of an optical axis is scanned, the aberration to 
generate can fully be offset. 

[0051] (21) The laser scanner characterized by making it offset a laser light source, the objective lens which 
makes a sample etc. condense the flux of light from this laser light source, a wave-front sensing element 
given in any [ claim 1, 2 or the above (1) thru/or ] of (6) they are, the control unit which controls this wave- 
front sensing element, and the aberration generated with migration of said condensing location by 
controlling phase distribution of said wave-front sensing element. When the scan of the x of condensing 
location of laser beam, y, and z all direction is attained, without this using a mechanical device and a laser 
beam is scanned, the aberration to generate can fully be offset. 

[0052] (22) A laser light source and the objective lens which makes a sample etc. condense the flux of light 
from this laser light source, A wave-front sensing element given in any [ claim 1, 2 or the above (1) thru/or ] 
of (6) they are, the control device which controls this wave-front sensing element — having — the refractive 
index of the immersion medium of said objective lens, and the refractive index of said sample etc. — 
abbreviation — whether it is the same When the refractive index of the immersion medium of said objective 
lens is smaller than the refractive index of said sample etc., the aspheric surface property of said wave-front 
sensing element becomes large as the power separates from an optical axis. The amount Or the numerical 
aperture of said objective lens, The laser scanner characterized by controlling phase distribution of said 
wave-front sensing element to increase with the increment in the amount of optical-axis directional 
movements of said condensing location on the basis of the focal location of said objective lens. Even if it 
scans the direction of an optical axis for this to acquire the three-dimension image which is the greatest 
description of a laser beam microscope, the fall of the resolution by generating of the aberration 
accompanying it can be reduced, and a good optical slice image can be obtained. 

[0053] (23) A laser light source and the objective lens which makes a sample etc. condense the flux of light 
from this laser light source, A wave-front sensing element given in any [ claim 1, 2 or the above (1) thru/or ] 
of (6) they are, Although it has the control device which controls this wave-front sensing element, and the 
aspheric surface property of said wave- front sensing element becomes small as the power separates from an 
optical axis when the refractive index of the immersion medium of said objective lens is larger than the 
refractive index of said sample etc. The difference (the amount of deviations) with the spherical surface with 
the same paraxial curvature is a laser scanner characterized by controlling phase distribution of said wave- 
front sensing element to increase with the numerical aperture of said objective lens, and the increment in the 
amount of optical-axis directional movements of said condensing location on the basis of the focal location 
of said objective lens. Even if it scans the direction of an optical axis for this to acquire the three-dimension 
image which is the greatest description of a laser beam microscope, the fall of the resolution by generating 
of the aberration accompanying it can be reduced, and a good optical slice image can be obtained. 
Moreover, it becomes possible to prevent the trap force declining according to aberration also about sample 
actuation of a laser trap etc. 

[0054] It is arranged near the optical system in which the wave-front sensing element given in any [ claim 1, 
2 or the above (1) thru/or ] of (6) they are had the predetermined power which consists of the refracting 
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interface of the 1st [ at least ] page. (24) By change of those synthetic power The laser scanner characterized 
by having an aspheric surface property which amends the aberration of the optical system which it is 
possible to move the condensing location of the laser beam bundle by said objective lens in the direction of 
an optical axis, and said wave-front sensing element generates. Even if this scans the direction of an optical 
axis which is the big description of a laser scanner, the condensing performance degradation by generating 
of the aberration accompanying it can be reduced, and a good optical slice image can be obtained especially 
in a laser beam microscope. Furthermore, if a diffraction lens has an anomalous dispersion property and it 
combines with the usual refracting interface, chromatic aberration will be amended effectively. Therefore, 
by taking this configuration, even when incidence of the laser beam with the case where incidence of the 
laser beam from which wavelength differs is carried out to coincidence, or wavelength width of face is 
carried out, chromatic aberration does not arise, but it becomes possible to move the condensing location of 
a laser beam bundle in the direction of an optical axis. However, since the aspheric surface property in this 
case has various properties according to the condition (refractive index) of the immersion medium of the 
aberration generated the power of the refracting interface to combine, and there, and the objective lens to be 
used, or a sample, that property cannot generally be decided. 
[0055] 

[Effect of the Invention] According to this invention, the wave-front sensing element which can give the 
function as an optical element can be offered like **** by being able to form the wave-front configuration 
of arbitration and reproducing the image data of a certain kind in a Cartesian coordinate system or a 
spherical coordinate system on liquid crystal. Moreover, the wave-front sensing element which can offset 
the aberration generated in connection with migration of a condensing location and it can be offered by 
combining with the optical system of an objective lens etc. 

[0056] Moreover, while enabling the scan of the direction of an optical axis of a condensing location 
according to this invention, without using a mechanical device, when condensing performance degradation 
can be lost and it applies to especially a laser scanning microscope, the laser scanner which can obtain the 
optical slice image of the good sample by which resolution does not fall can be offered. 
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(54) WAVE FRONT CONVERTING ELEMENT AND LASER SCANNER USING IT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a wave-front 
converting element and a laser scanner using it, which 
can scan focal positions of a luminous flux in the 
direction of the optical axis without using mechanical 
mechanism, and offsetting the aberration caused in such 
a case. 

SOLUTION: This laser scanner has a luminous flux 
branching element 2 arranged in an optical path of a 
laser beam flux 1, a beam expander 3, a wave— front 
converting element 4 capable of changing a wave-front 
form of the light as necessary, an object lens 5 for 
converging the light on a specimen side 6, a detector 8, 
and a control device 9. The wave-front converting 
element 4 consists of liquid crystal elements constituted 
so that each micro-divided region can be controlled 
independently by a control device 9. 



m 





^»*t««lt«IIIH1MMt»ltlllM*'U»4««M«**««*MtMt«U«l«t«MH*IH M»*MI*MMtm*m<t<M IllHIItMMKfflM MJHtlHttlMtMtMWltlMKIIltllXllllllltMl |H< ,„ 

% ..*..»•••* ........ ................... ......... 1UMM 4l, ( *, 1 „ 11(t Mi.«..f,«, 111 , WtWtWlllMilllllillillttM«tittt««««*>«««««Mt«l»»«l«MM»l»«m<»»««4MHI»«lM*ltMMtW» m WMIMNmMtlH 

LEGAL STATUS 

[Date of request for examination] 26.04.2005 

[Date of sending the examiner s decision of 
rejection] 

[Kind of final disposal of application other than 
the examiners decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiners decision 
of rejection] 

[Date of requesting appeal against examiner s 
decision of rejection] 

[Date of extinction of right] 



(19) H#@#f)F/f (JP) 



(12) 





(A) 



#51^11-326860 

<43)&HB ¥j£ll*f(1999) 11^26 B 



(51)Inta e 
G0 2F 1/13 
G 0 2 B 5/18 



5 0 5 



F I 

GO 2F 
GO 2B 



1/13 
5/18 



5 0 5 



SSSt* *St* 8t*5t<08c3 OL (i9l) 





#B¥10- 135572 


<71)ffi®A 


000000376 
















¥j&10*f (1998) 5 £180 




«3^K&#B:i|i4- # 2 T 1 43# 2 ^ 




















«g^S!c«K"!i->- « 2 T B 43# 2 ^ 


















(72)5S9i# 












JlCJSCS5!t#eC«*-:$ 2 T E 43# 2 # 


















<74)ftSA 


» 





<54) i&9i<o%m ftffi^surpR^-en^fflVifcw— y^^e 



CS7) [gift] 

* ft £ ffi C >fc U — If j£21SB£ 3BI«-r £ . 

9£<t*Tl,>S. ttiig&UR?4tt:. ®/Nc#fU<*ft/c 
SMttftSMfltta 9 K «fc •) 3*3* &C8HJ9J) $ ft*S «fc 5 CClf 

ex s ft*t*a»-f*» 6 m o t c . 




(2) 

1 

[n#v 2 ] friBS<s«»v h y * *tKX«@s«H** 
*fttE<c*iX3*. ^©m^EfcftffcfrrajccjtSESH* 10 

[0 00 1] 
[0002] 

T®#©3;*7Etfc£»S;r<:«?rtc«. fS#XW:*t!&U>X 

T*f © U > X* iEii£tfcX aw f iBilft 

Wr*«*KlWWf«SMHit#Jt*CiKttiJ, Sf 30 

$b<ftt>. X. #$JU>X©-f ?-^ 3 >$?ff©JatlT 

3§ £ «:*©JgJr4tfHiaft . J6#&@©*£1&K:# 

[0 003] ^•'7- (jfcfflffMK) *^{bi*-t±&C 

f$P3¥5 - 93895-^. R 5 - 1 0 0 2 0 1 

tflS!5-530 89#^s^tpa*n;*ft'r(,>.s&©a5& 40 

5. X, mSk&mitXfe&Z&itSitZ-fimtLXii. 
#P3¥9 - 3 1 8 9 0 9#fi$a^fCK^Sn/cfe©36J* 
Cft6©5tff{?d«ffift&> jgSU>X©I?ti 

te, Ctl&O&frffltCtt. fcllU>X£flk©«ifc©3fc3?: 
C0 0 04] X. *<*U>X(cWLTtt. 1 50 



I^K 1 ! 2 - 1 1 -3 26860 
2 

1 4 7 0 3 ■^tfgtStCH^SttT cnfcStfe© 

LTW. £<^&<*fttVfti,>. 
[0 00 5] X. TtffTlfffTAXZVcmitX 

^Kffil>5J8£fc«;fc%^ffiffiTS|K^©36©2Kffi 

©SLn^ffl^-r^s^ffflt^nrfco, *<*mn 

mt 3 « . i S fcttST W8 t» 6*vt C > ft l ». Etc . 
[0 00 6] 

©WT5 C©«fc 5 ft WiS.<£KLtff?WCtJE#-C ftS ftfc «> 
C b ft U<CjM©a%tin6*M^Kj££Stt& 

[0 00 7] 

[Rffl«r«?*-r4fc«>©#a] _hKBfi&*auw*fc 

fbSH±^-SJ:5Kftor^.S. 
[0 00 8] J;ntf, ±i&&«^»*^ h >; i'x 

ttXiaHJWX* ft LX ^-s. 

[0 0 0 9 ] X. ilBSW^^fiS-TS/cfc, *^tcj: 
[0010] . 

[^Bj©HJfe©jfJg|] «T. *»^©Hifi^S*SiWr 
SK$fc&£. (9 1 4«1>T. 36W^]©Hule^K^o 

AWHWtt i (c H8 L r 8M8-S- & C t ic f & . 
[0 0 1 l ] — ffitc. «yR^u>Xicj:0f s 7*-*^ 

3•l^?•c«^©7fe^gs©wn^m*fiig : &^^t?±T <u 
<D*$rj:ffi mx^ntummw) tc?f<gA^<ft'2> 



(3) 

3 

mmvi/X cntc>pfi/r. UflpjK:^* 

* b fcMsA *» 6 m/afcjSttJKSJbfcS? £ ^ -c *M25 u 

>X«fcOmSf-r-S**. *©&ffi«»tXM©§£?§K:.J: , 3NA 
[0 0 1 2] ItC. aifflKf7 + -»XLfc^B*>6ffi 

tctT < s^cdcj^- -7 - #® < * s «t 5 tt#*ii u >x i 

a sisters cite* 9. 

»rm & rata-r * » c n t u m tc a s . 
[0013] n^^u-^x^Wi^-rLibteiRM-ci* 

X, ^U>X<D^v-i>a>^»©®*T^*5«*<D® 30 
*f!g5 U > X© N A t JR3fc{ig©3fc«l#ft^l&fi©*ifll]K: 

MS i> * ft k: e& g r ttfln ■? z, c i k tt z . 

[00141X. ^U>X©^v-i? 3 >i£S©JStFr 

^Wft-offfiR^-z. 9 & A#t> <ttis*ra&i u >x-e*tp 40 
©*g#*gi£?-r-2>) *§^«\ -e©i?ffit?^ft*it-p< 

&$-?jm <o>* v - «t 0 'J> ? < -r 4 <&m* j * s . 
ens, ^7 * 2-&tcm&<Dmw(Dffiti&ffl&?- 

tSS^i^XteNA^A^^fc&Km^ft-rt,* 50 



^¥1 1 -3 26860 
4 

■C. Eflr^F— I5tfc«J:£iKM©3fe:£firt*&«>T:*tl>/<: 

*>6Bift-5fc:t£-3t:/J^< Ktc. i|m©&£fi# 
yd%3 U > X©N A £ Jg#ftg©ft#:£fr&«ificDitJnKC 

©M <HeSIS) <%5. 

[0015] --xic. m2*m^r*&w<Dm*m!&ti$ 
mzmmtz. i^4>. iw0^oac>u>-»f*»enis*3 

ffi^fe^^-. 5(3*ftl'>X 6tt*t^|W>X5©j»^ 
(4S <3i?ir©*§£©*£#B) . 7ttJ»*fig6J:0fe*f 
^u>X5^»itinfc^0c?fn;c'r 7 t-^WM^ 

[00161^2 t,Cte\,*-C . ^ 1 «7fem^fe*^2 ?r 

il3Sa> t-Ax^^^>^3tc<fcCi^TS©>«c#S«:3 

^iU>X5K:j:t)^$4a-5. C©JS^ *<JffliSlg9lc 

^ffi^^4 3&s*ljaii|g9tC < i:«3flIfiS)Sn-C > 
XK 1 Oc*£tK f - A i^5J:5 a^ffi^*^^.fc «t * 
tt. ^mi tt-r7*-*Xfilrg7tC*7l£-&L,isi)6,nS. 

[0017] ji^. )ffti/>X5ii3y^- htr-A*s 
WLfcBRw-e©»X&g*«-r*is^:wea< , iRUfcife 

4 ifimSi tf- A^^JR^tf- A©±J|StcM-3 TffiMWtC 

*ffi*S3BStt. i5iB*tc^©^^.&jix^^ta©-r'5> 

©^ds^K^jRM^jlg-CpItgiaS. W-1f*SSgSS[ 

[0018] tTF. *^©Xtfe^SS'&07nL/£:*ii^J 

EI 3 «. *^BJK:^S U— !f*^g©H 1 $mm<DWt 
ti&mfSMX-ibZi* 0*. @2-Cffi(,>fc©£H«±|gI— © 



5 

u>x i o t&Ht&xi'*-*' i i zmwcmmjm& 

Wc^*Sc£©ai*S2!&ffi^8yfS^4#. **is-r 

[0019] **5>-TX*4^©»IURiF-tt. 
ft£^E©A-* ^iCl&CX -^(DiiL^miP^ 2 7t<DfflV 

«*. tiLmgzwim+tLx&mfzct&tii&z. x,' io 

K<DMxmm?z>ct&&*L*><Dx. -e 

8s«-r s c i ** s c i »a^cDffis t m 

CX$>2>. 

[0020]i4B. @#TU>X£*-*i?xT**^X 

<DMft{t2ti-rcmghxm%-rzm<omi&Mx&2>. — 

<DWB§<Dmmx\t?j: < . 2 7C<DK©fiifflllll|-C* 

u > x*«ss-r *> c i . 

CO 0 2 1 ] HlFfU^XW:. ESfc^-r.fcMc, ftfgas 
^cd(4S^ £ 2 tc«: & -C#fi*I<b •S.JfJtfc (Br 30 

sv*-J>.) ©Bffc, Sifte«>{cttlElJr8&^j&* ioo 

L^L/, i!ffl^fc3ftfc&ilt?@ifrU>X£# 

xlt. S/Mff ^©tjncr*>4>&< <fc 4 ^©itii^?- 
#AS<fc3K:|gtf lx>X©j£R£|!K£t,-C(,»*. •€•©&: 40 
Jt>> &M-C6*^:?:t-A©4©ifflK£ft<5 > IeISt$&^ 

8 l^fi&fctsiJreta,, c©^*, — $2©^3*-cfc 

it-*? hsnsfcj?), f <pgitc% 

[0022] mnmz 

m 6 «, we ic%z> v— tf^^g©m 2 sated©® 

©^ttCKI^-tTW^n-C ^JlJ&Wi. if- 50 
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A7+t >^©m#tI3§£ffl©£«u5 u— tf mfttttc* 

gg^tc^tsw^n-c^-t. -o<3r>^Bifija)^g9-ca 
-f> . i 3»u— tfTfe^SiaL/M^sw-rsf -r^n 

-f-^i7- 1 4tJX-Y;£[6]K:;£X-3-£;**-t'>3fe 
3**. 15l*tt^U>X. 16 0tt*U>X. 17« 

^ffio^iiiSru^x (jgsffs:8im^) . i smsm 
[002 3] v-y&timiotcytmi «. tr-Ax^ 

@»r u > x i 2 tc a« r s. cc riffliBBtt ^S^. e> n 

fct-AB, *t-{>7U4 ^^5^-1 3*Sitb. ^+ 
+ >316^1 4-CX-YM^|SjtC^S3n-5. ^S$n 
fct-AB, fflt9JgU>Xl 5tMtU>Xl6©i,^, 

*), S2tcS6±-CX-Y^[fi]{C^$nS. ft^Siifc 
®j^B^-A(CJ;ip®|B$tifcS*ffi6 3!»>6©^3:. 3fe 

s. 

[0024] mmtm<DWiMmifr\'isx i 2©$ijfiP(cj; 

©^bIIhi*tu>xi iz&nbz-exnw-rzcticj: 
*). fc&omtzzmmyttm.mcmLx&immitbtc 
M$rv>xzffii3.-rz>ct&x*z. {ao. #mmmx 

^U^XSCDBi^tcita^fiiBltCfKHllHlJfU 
>X1 2?!)SS2M3*a-ct,^iR-ct3:^(,»/cs?>. CCTSS 
ls]tffU>X^W-4^5C£tcJ:0. 

*%2&$tt>-?xi,$ii,\ SsXTtrnzmmistcmcm* 

[002 5] HtSW3 
07«. *^«:^SU-1f^3E^acDIIF3 3liSWI(Dgl 

ntm-fDmtwzm-wmvttzttxm,. *mt&w 



7 

"CtSKl/ fc&g tcMKM t $ ft fc&JIK: <fc & [nUtf W > X£ 
I9W 7c t 0 . Zti&m&MW&iS: 9 tc <fc K> ffl® 3 

[0 0 2 6] U— if^eUJ«L/c^li*ir-^x^^ 

/>->f 3tcj:0BffS©^:|f3(C3y^- h$n. c©3 

(cstsns. ^3nfct-ABig^i/>xi5K io 

ft. #-T*P-f 1 3£jgiIU *f!&JU>X5 

(c<i:t)#*®6±t?X-Y^|Slic^?tiS. m%ls1c 

:Sfc^2 3 £/M/r&U}g8lcj; »3tfcU}3ft.& 0 
[0 027] *JQl«S9 ; &/M/rCDSSlHliiTW>X2 1 

©flygtc «fc D . *$4^©feg*s^i(XM-ctfton-&cD« 20 
SI 1 *&fe0d i H*C * * . 43IMWi;):ftMb&fi <t tttt -5 
"CC»ttt»*». ^#^ffibSatc£SM3fc«*©ifilI£flw!>*# 

te^mgi-C @8r^©teTCcJ:9^toL7c;F 

s^«*-c»^^ae*se*-r. ±< faintest 
«££#©&sia*istft-c(,»S7c4&. -eft6©**fib£s& 

£©t\ ;£Slife#l©J:5K:®>|au— tf)£8S4Hc©,&iS:w 

^2 3t&aim8zm'omz. ttt>ofcw*«wiMK 
bj^oc «t z$m&*ttm-rtii£. u— if h * ? 

5U- ifjfcS£|g£&-5. 
[0 0 2 8] HffeffiH 

#m.ffi&ltt> ®3SfejfiW«:fci>TaaBJr u>X2 1 «c 

JStff U > X 2 4 X«J1#t® 2 5 «rk flD 

£fr U7c *>©"?. 08 (a) RCJf <b> K:-€-ft6©— W 40 

^ -3 r fc (j . ii^<DS»T u > X#feg©*s<, » i'^ < 
ffl#S©£«i£K:> *fcB*sgi,>fI«fc < -€-©7c 
a6. ®ftW2 1 a<tStg2 1 b*>6R£S?g^lHl»f U>X 
2 1 KB*fU>X2 4=£#J!jp-ri (08 (a)#M) 

gcm*»«2 1 ba^©?f*ffi4S5TU>Xffi(cf 
S (08 (b> #JS> CtKJ:'). gnKM^aWIWKffli 
IET -5 C i *spj^ft 6 -T -5 C t ffi~C # £ . 
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— if ^©mTfefig £ WlSj CC its $ -a- £ C i *s Diee 
<bfc£. C©t§£. iSS^S^SiBSf^j&iffiT-rS 

[0 02 9] JW±^b/cJlig^K:^Sn 
•5fe©T'«ft<. a* ©ifi#£frtt#^#&r 

jg^Kcfc^>InIilTU>X©*^JK:WTijiBJb?c*^ c 

[0030 ] W±SiBJ L/fc «t 5 K. *|%W(c«tSieM^ 
«EL/7c<fc^^m^#-rS. 

[0031] ( 1 ) tnffl6k'mw<Dffi%*MWv, mm 

U>X^fiS-T-5«t 5 JCL7CC i^«F8ifr-5it*S 1 
X» 2 JCgfitg©i6S^^^. Ctiicj:?), ffjg©#^ 
*Jf -o 7cfittBM©|olJlf U > X5: S C i *idJ* S . 
[0 032 ] ( 2 ) ig!2{!M^li©{fcffl*fNffilU + ^ 

«fc ^ fC L/7c C 4 :fe#® i-T -2>l«^ 1 X« 2 X«±5S 
( 1 ) icl2tg©^M^^«^„ cntCfcO. ^E©j^S 
"CWlr»ia«f ^^^f S C <!: *i nj#l 4 )5c S. 

[0033] ( 3 > B«i2e«t/j^Ji©afa**ijaiL/r 
mmffi&Bmz -a-s «t ^ tc utc c <t ««« <b -r sit *^ 

1 X»2X«MI2 ( 1 ) teiBiBCi&ffi^&IStT. ctlCC 

[0034] ( 4 ) BufBSt/KI^Otita^SlJSlL. 

J; 5 K L7cC i*!^® 4TSIf 1 XW2X«± 
IB ( 1 > tciaiSWiSffi^^-?-. CtitcJrD. ffiS©#P 
SRDOWtt *^F^7c{4tg^©H#fU>X?:^-r5C4*i 

[0 03 5 ] (5) S(riB+^7*-AJI^©ifiMtC^S 

ni.»f«*5 1 tr » ?tcii>% < 4 4 sci 

*W«4"S-*±IB (2) Xtt (4) (CEIftOttfflXSBR 
-f. cnK«tO> BJfUVXOSSlWa^-C**^^ 
7*-A4^(St , fe4giafKS-(±-5Ci*!"C^, *1T 
t@»Btt*8 l%W±©iS^0JfrU>X^tS-C^ 
■5. 

[0036 ] (ej^^-rx^-f^-cisc 

i^r^i-rSif*^ 1 X«2X«±IB ( 1 ) 

(5) ©fsjn^tciBiE©^®^^^. cntcio. fi 
MMO-C « ft < . fiffiftfJ© tc J: S iSSa^JSc iS tH^SSR^ 

[0 037 ] ( 7 ) WIB7fe^S-T-*ifttfi*ff* \s^>Xftm 



(6) 



{ciBtgou— <fjfe^$sg. cnictfj. ^tsefj^^m* 

m^-flc U — if 3£©*3£<ag©3£$i;£fa©j£fiaSnJtg<!: 
[003 8] ( 8 ) fjia^f^lnKD^Stc^^t:^^ 

IB$&©U — tfjtSSg. CtKCtD. 7fcWi;£fa©j£S£ 
[00 3 9] (9) |JgB*f!»lx>X©-fv«-J?H>jg» 10 

x©^-^ 3 >mm<omifrmam^mtfTm^ <o ^ 
i- t '< f < j; 5 t,c v tc c «t % mwi 1 1 s wm. 3 x «±ia 

(7) Xtt (8) (catg© L— -97£g§|g„ cftteJ: 
0 . u- If SPJ&$i©& A©#Sirc * £ 3 ;&7c&* s«?-r 
Sfcat>©3fctt;£ft©j^*fT^T^ ^ft&c#5iDS© 20 

[0040] do) fria*f!gju>x©^v-y3>^ 

t, /hs<«c**s. piD>afift$'&jf-5at®i©s (m 
mm) «fuia*f^iu>x©iinifci. mrtBS^u^x© 

KW-oxmm-r * «t ^ jess r>-ct,^ c 

Sfc^C 3 XB _hf B { 7 ) Xtt ( 8 ) tCiBtS© U - tf 30 
g. cncct^. U -«i©«^C(5)Si-C* S 3 
7C«?:IRf&-rSfcat>©*Ml^©^2S:?f-3-C*>. ^-ft 
fc# 5 iRS©^tc J; ■S^S©ffiT i &lg^-r ■& C i *s 

Z ©4 RutT S C £ *s sjm t ft £ . 
[0 04 1 ] (11) ffffBU-tfgSgj&i. U— Vfrh<D% 

^) =£&ffi-T£u— !fMtftflrcft9. WK^WRW. 

a*ju— tf^i^m^m^^^-a-s^spw 40 

ra©§Tif ft ii^ffi* © BS¥f f^sfc <P ic lag 3 nr c >z> c 

i4«fmi-rSif*]B3X«±iB (7)M(10)<D 
<5jft2KcfEi)S©U-1fj£ffiiSg„ ctucjrD. SlrtS 

HI, ^Uttm^SI^T-^iaj^©^,!:^©^*!^ 

[0042] (12) fuieu— *fi£mm.v. u— tf#>6 
aafetso *«ttH"r*u— nwurcao. iwb***^- so 
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fttr-AX:/"; ?£-*>3M *a-f 

©Hi. SE^gPWit^Ulgi©H©M^58*©HS^T 
^BRtptc^iagSft. 3*AE(c*iJ©3n^S<t5 fctt-a 
X^iCt -T & 8f #9 3 X«±fB .( 7 ) 71M 

(10) ©f5Ha:MciBiB©U— ifj£S$|g. CtiKJ; 
0. ®^©j^g^i^©igSJS*sBinTt,^m*II 
^©^•cfe, X* ©*&£«(«: £*>-eT mrtB^gp^* 

[0043] (13) Suie W !f ^ISliS, U— !fA>6 

if^^»3fe$-S^Ci(cJ:i3«*^ d-5^7\ Vi 
SR-f-* 1 . Aft u-t^7fe!fS«ii©BS¥ff3i&*q3ic©*iBgS 

( i o) ©<5m*HcfBtg©u— tf«s^g„ cntci 

■f u— tfgimsSfcte^r^^^gPM^^BSO. 

^t,n*. u-- !f h =y y zf^s-p is-y mjL^micte^x 
Ait u — tf ft<ommm<Dfr*m®-?ti\zm<*-tc.-ib. 

<bT-S<t 

[0044] d4) 7ttt^©^si-entc#^r^ 
t s jrm =&+a«-r a c i a«n ttttursaae^**** . wib 
^® u>x©E<agiitg)icfigtcieg$ n-cc^s c i 
^®i-r$±ia (ii)M(i3) ©fem^tciatg 

©u— tf^^g. cnccj:^. «JjE$*f,« 

HiiiTt, E.'?^-'7-^finfCj;.&3fe$i6^-rSj©^?: 
tf oTfe3fe^©^^i6©fe^ P— tf^S^@?rSt!t 

[0 04 5] (15) 7fctt;mnJ©j£S£^fttt#-,Tf&£ 

>ffi u > X©tt&gj£<, <t ftS)&:{4g©Ja^K:i2 

yt&Xrf-v* y -otitic* zmftft¥¥fk(»M!mm<D$£ 
it (te^-fb) ^met^miicmfs, • w vwzMtt 
z%kffizmLx\,>z>ct%ftWLfrz±sz (i i) nm. 
d3) ©{5jn*HcfB*g©u— tf^a^g. cntcj: 
o, m±ftmi>>b&nim&x-mfflmrj;rty-tftai:# 

^^3^7cfiS?:1«^-rSCi*5BJtii*5„ 

itfa^^©ag*siEsttceag i -a l t c ^.ci > jg 

^(*, ^•'7-(=tft]tc s t53fefi^©*a4?f 
^©*.*ffig| (fg*) *i^b9. ■?•©** -Ctt 3 

^^©^tc^^^^sti^it^-c^S/cfe, 



(7) 

XL 

a. 

[0046] (16) fflt&fa<D7££:tZ:tllt:{$-?X&£. 

zm^zjzsfcMcct&'tmtTziMz o i> nm 

(13) Of6Jtl7!PCCS|g©U— !fjfe^£|g. cntci 

t>. &§mtt»fLt©#*#it-$-ft«m< , 

[0047] (17) %mfift(Dj£%;±-?:ft(,Cft-?xm£. 

fBttsn/c-r-* o*v-t&mmm zm-xzm.-? 

^SLtff < i^tCLfcCi^ffii-rSig^ (3) 
X« ( 7 ) TIM (16) <DM4a*HCia*g© U — tf 

[0048] (18) #*!bjfo©jtgi^i-H!:#-,T|S£ 

^*5-t*^6R£ort^ci*^i-rsiS*il (3) 
Xii±fB ( 7 ) 71S (17) ©fHm/&>&ciBtS©u— tfjfe 

[0049] (19) u— yytm±> Ku-if»^o 
2x«±ia ( 1 ) nm (6 ) ©{smaHctBig©-®®^ 30 

BfliB&S^&sgt^&fa^flJ i Uffl-t Z> C i tc «k «3 , 

Ste-rsu-if^gg,, cnic«fc«5. ^w^mit* 

[00 5 0] (20) \s-1f%Mt. &ls—*f%mfr*><D 

^^^tcm^SHf^^u^Xi. ffjfciiiXtt 

2X«±iB ( 1 ) (6 ) <D{5Jtxfrtc$zm,<Di&W%t& 
JlHFi. ^&E^JB^*frJ®t-*Si0^g££*U 40 

•5 s jkm £*B©-r * <fc 5 tc l tc c t % mm t -r z> 

[005 1 ] (21) •fftigfi, gfcU- If ;fci8> *><=>© 
2Xtt±IB ( 1 ) 75S < 6 ) ©{»jna>K:fai8©jfcffi^& SO 
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JR* £. K&ffi^&if^flHJ^TSftjajllgi, milB& 

®^^-?©{4ta#flj £fMai3-s c i ^ «t »j weft^tk 

U— !fj££gg. CftlCj:*). t§t$tt&& 
«4ffit>rtCU— !f3t©«7tag©x. y. z±ftfo<D 

[0 05 2] (22) U — !f#iS£. igU-tf^jg*>6© 

2x«±fB ( 1 ) nm (6 ) ©<5jn*>tciets©jg®^^ 

#*>?>fBn-5K^-5 -c^c* < * o . fi.o-e©s^t>riB?tt 
^u>x©pgnK£. mria*t^u>x©^{4g4S^ 
<t l tiMSB«^iag©3tf to; m®Wim<omm< l c& -=xm 

^tCL./cC£*m<i:T2.U— tf^^g. C<ltC«t 

s/c&©^w^(6]©^s*?f-o r ^b-entc^ 5 jRg©#s 

^c t t€>S?^tt©<gT : &fii«Sl±SC£*^& > 

[0 05 3] (23) U— tf^jSi. ISU— tf3teli*^© 
7fe*?:«*^C«^5-|±^*f^U>X£. li*SlXtt 

2Xtt±tB ( i ) nm (6 ) ©fsjn^tciasg©^®^ 
st^t. KjRffi^^^^-r-ssuaisig^wb. i? 

IB^^ U > X© >f v - V b >JSS©®*f^^mflBS*^ 

*i. l3]Di4ttffi*£l#-oScB,fc©M (SeHS) iigufBSt 
^U>X©PSP®[<i:. f?IB)l*®fU>X©^aa?:Sff 

t ^tcm^m%^M<Dm^^nm.<D^mcw^xm 

M~$~Z>£. 5 icm f B&® ^&^©{atB#tfJ#l!Hjffl) ^ *i ■& 
J;5tcL//cC£?:^£-rSU-1f*^g. CtiKJ: 

S/c4?)©3lc$i^tPl©*S*ff-3-c4). ^-ntc^^JK^© 
^*«:J;SlBfllS©igT?:ffi^S-li-2.C<!:*i"C* > MSf 
^^^^>fX{S«:{fSCi^m*S. X. U— !fh 

h <D* <? C £ *i Dj#g t ft i, . 
[0 0 5 4] (24) fiS<3aiX«2XB±lB (1) TbS 

( 6 ) <Dwtifric&M<Dfom£8im : ?-&. 'pu <t$>i 
mom m ®*> h m s mfe®^ ? - *n tc^mo&m 
{cgeg$n. •€-ne.©^^7-©^k(cj;t), itrtB*f 

S -If -5 C £ *5dJ«6-C* 0 . fi-^luf 3^S^^!^*s^* 
■rS^^©iR^?:«iE-r-2.<fc5'&^®#14*WL/r . 



(8) 
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•&$-ttzc±i)i~ez. #K u— ?mwmc*s^x.u. & 

U>Xttj£#tfc!814£J$*>> ^©JSSrffi 
^ttS^CirtSpJlSiftS. {SU C©*B^©#Scffl 10 

fll <JB*r*) KJ:»)«-»<c19tt*«FOfc*. — «ttc*© 

wt* z nut z> c i. it a^u i » . 

[0055] 

4»c J: l/T©«tt*J*fc#4Ci©-C*4 
[ 0 0 5 6 ] X> *m}K. «fcft«. $«#Jfct£1«£ffl<,> 

[B9©tt¥%tti!in 30 

[0 1 3 mft&&<DftW3Gl<DfE&K.&-3X&£-3rzm 
at>©0-C$>-5, > 

[023 *^tc^s u-ifjfeaBiat©afc«iwt£ttffl 
[S3] ^^oanjotOToamjaH-?**. 

[04 3 @JfrU>X4#*^-7**-fX©|ffl$MtSft 
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[053 @JfU>X©*>'7*-:A4*©4IBfi<H*tt 

^•r-5/c*©s-c*a. 

[06 3 *^©Sf2ll*6W©«SIS«fiSHT*i. 
[07 3 *»W©»33W«©«BaisHar*5. 

[0 8 3 xmiom* mmmomsimimv . ( a > « 

fgdll§Jflr U>X<!:JS5f U->X*jffl*^t>-B-fc0 > (b) 

1 U-1f3fcSi 

2 3fcifc$MdBR* 

3 t-Ax?^oy 

5 »8JU>X 

6 #2P® <^U>X©ji.£i2H) 

7 *ftiu>x©^fiiB«j:o*>at< mmvy 

8 

1 0 MMbAU>X 

1 1 WSMtt^*-* 

1 2 A^%fl!©ttAII»r u > X ( SMHOMtT- ) 

13 #-f*ta-f?i»55- 

1 4 ***>3&3*8i 

1 5 BHSS5U>X 

1 6 ifefRU>X 

1 7 »36ffl©««HSrU>X (ttnratJR?) 

1 8 fl^S^ 
19 t^^XW 

2 0 n«lffi&&a 

2 1 flMHt 5 nfcf&HJc J: a G3*r U > X ( maX. 

ife*^ ) 

2 1a [slUrM 

2 1 b StS 

2 2 B'JU-^ 

2 3 ^fefcBxte^^ 

2 4 jgtFfu>x 

2 5 ®Sr® 
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[02] 
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[03] . [H4] 




